Carbon monoxide (CO) poisoning, the most frequent type of poisoning, alters hemodynamics and creates tissue hypoxia that ultimately leads to thromboembolism. We herein describe a previously healthy 17-year-old male patient who developed acute CO poisoning while bathing in the same room as a gas heater. He was first treated with urokinase thrombolytic therapy at a local hospital, which proved ineffective. The patient was admitted to our hospital with unstable circulation and was diagnosed with massive pulmonary embolism combined with multiple organ dysfunction syndrome. His Acute Physiology and Chronic Health Evaluation II score was 22, and his Sequential Organ Failure Assessment score was 15. We faced a difficult decision regarding whether to perform surgical embolectomy or to repeat the thrombolysis. We opted to repeat the thrombolysis with successful results. Our experience may help clinicians manage similar cases in the future.
Introduction
Carbon monoxide (CO) binds to hemoglobin with an affinity 200 times higher than that of oxygen, 1 producing carboxyhemoglobin and thereby blocking hemoglobin from carrying oxygen. This causes hemodynamic disturbances and leads to tissue hypoxia, resulting in thromboembolism in various parts of the body; pulmonary embolism occurs most frequently, and intracardiac thromboembolism and systemic embolism are less common. 2, 3 Diagnosis of pulmonary embolism is based mainly on clinical symptoms, laboratory examination, and imaging findings. 4 ,5 Few reports have described pulmonary embolism complicated with multiple organ dysfunction syndrome in which early thrombolytic therapy failed. We herein report such a case, which we ultimately treated through repeat thrombolysis with a successful outcome. This case is being reported to illustrate that thrombolytic therapy may be superior to surgery for patients with high-risk pulmonary embolism. Such information may be very useful in the clinical setting.
Case report
A healthy 17-year-old male patient was referred to our hospital for treatment of CO poisoning that had occurred while he was bathing near a gas heater. Half an hour after the poisoning, he was found foaming at the mouth, delirious, and cold to the touch, but he had no physical tics or incontinence. He was admitted to a local hospital 1 hour after the poisoning, where he recovered consciousness. Approximately 2 hours after the poisoning, he was transferred to the intensive care unit of a local traditional Chinese medicine hospital. Upon admission, he felt dizziness, chest tightness, chills, and shortness of breath. His blood pressure could not be measured, and laboratory examinations revealed dysfunction of the heart, liver, kidney, pancreas, and blood coagulation. Computed tomography of the brain showed normal findings, but computed tomography angiography (CTA) of the pulmonary arteries suggested multiple embolisms in the bilateral pulmonary arteries, upper and lower pulmonary artery trunk, and various blood vessel branches (Figure 1(a) ). Computed tomography of the chest showed the same results as pulmonary CTA, and computed tomography of the abdomen suggested thrombosis in the inferior vena cava near the liver (Figure 2(a) ). Cardiac echocardiography indicated an enlarged right atrium and right ventricle, moderate tricuspid regurgitation, and mild hypertension in the pulmonary artery. Bilateral lower extremity arteriovenous color Doppler imaging showed no obvious abnormalities.
After these examinations, the patient's vital signs again became unstable. He was immediately intubated and mechanically ventilated and sent to the emergency department for urokinase therapy (600,000 IU) together with norepinephrine to maintain his blood pressure. CTA after thrombolysis showed improvement in the right lower pulmonary artery branches, but not in the right pulmonary artery trunk (Figure 1(b) ). The patient's hemodynamics remained unstable, suggesting ineffective thrombolysis. At 18 hours after poisoning, he was transferred to the cardiac surgery intensive care unit of our hospital. He arrived in a coma and was given noradrenaline (0.7 mg/kg/min) to maintain stable blood circulation. The patient's laboratory findings are shown in Table 1 . His Acute Physiology and Chronic Health Evaluation (APACHE) II score was 22, and his Sequential Organ Failure Assessment (SOFA) score was 15.
The patient was diagnosed with acute massive pulmonary embolism combined with multiple organ dysfunction syndrome. His condition was critical, so we conducted multidisciplinary consultations to guide further treatment. Clinicians from cardiac surgery considered that the embolisms should be removed through emergency surgery with the aid of extracorporeal membrane oxygenation because the patient had massive pulmonary embolism, poor oxygenation, and hemodynamic instability. Clinicians from the medical intensive care unit considered that the patient's previous thrombolytic treatment had been insufficient and that given the indications for repeat thrombolysis, he would benefit from repeat venous thrombolytic therapy. After comprehensive evaluation and careful consideration, we decided to repeat the thrombolytic therapy. On the following afternoon, we treated the patient with actilyse (50 mg intravenously, 25 mg/h) together with nitric oxide, sildenafil, and treprostinil to reduce his pulmonary artery pressure. We also administered drugs to reduce his intracranial pressure and performed continuous renal replacement therapy for acute renal failure to alleviate whole-body edema. After all of these treatments, his blood gas analysis results indicated significant improvement in his oxygenation index (Table 1) , and his hemodynamics gradually stabilized. On day 2, we administered the anticoagulant drug enoxaparin, and the patient woke up on day 3. On day 4, we administered the oral anticoagulant drug warfarin (1.5 mg), and by day 5 his hemodynamics had stabilized completely without the need for booster drugs. He was extubated after the blood gas findings were satisfactory. One week later, the patient's laboratory findings indicated significant improvement (Table 1) , and he was transferred out of the cardiac surgery intensive care unit. Twenty-five days later, he was discharged from our hospital with stable vital signs and a normal urine volume. Computed tomography of the chest and abdomen indicated a residual thrombi in the left pulmonary artery trunk, in basal segments of the lower lobe of the left lung, and in the inferior vena cava near the liver-filling defect (Figure 2(b) ).
Both verbal and written informed consent was obtained from the patient described in this case report. Because consent was obtained and this was a clinical case report, ethical approval was not required for this study.
Discussion
It is unusual for CO poisoning to cause thromboembolic accidents, and how this occurs is unclear; mechanisms involving oxygen free radicals and cell apoptosis have been suggested. 5 It is even more unusual for CO poisoning to lead to massive pulmonary embolism combined with multiple organ dysfunction syndrome that does not respond to early thrombolytic therapy. We have herein described such a case, which we successfully treated by repeat thrombolytic therapy.
Massive pulmonary embolism is usually treated by surgical embolectomy or thrombolysis. For acute massive pulmonary embolism, some researchers believe that surgical embolectomy is superior to thrombolysis, 6, 7 and it has been proposed as the first treatment option when thrombolysis is contraindicated and echocardiography suggests an embolus. 8 Several interventional thrombolysis methods have been described, each with its own advantages and disadvantages, and there is little consensus about how to choose among them. 9, 10 When deciding on the best treatment for our patient, we considered his young age, his lack of coagulation history, the rapid onset of his condition, and his extremely high APACHE II and SOFA scores associated with extremely high mortality. These factors, together with his severe hypoxemia and hemodynamic instability, led us to classify the patient as having high-risk pulmonary embolism according to the 2014 European Society of Cardiology (ESC) Guidelines on the Diagnosis and Management of Acute Pulmonary Embolism. 11 These guidelines recommend thrombolytic therapy to resolve pulmonary obstruction and reduce pulmonary artery pressure and resistance, thereby improving right ventricular function. 12 In addition, according to the recommendations of the American Heart Association, 13 the patient could have also undergone surgical thrombus denudation for his unstable hemodynamics, worsening respiratory failure, and severe right ventricular dysfunction. However, the 2014 ESC Guidelines 11 recommend thrombus resection for patients in whom anticoagulation therapy previously failed or is contraindicated.
We considered that the effect of the previous thrombolytic therapy received by our patient was poor, and there were no contraindications for choosing thrombolytic treatment again. Therefore, we opted to repeat the thrombolysis, and this proved effective.
Our case suggests that thrombolytic therapy may be superior to surgery for patients with high-risk pulmonary embolism, and it highlights the importance of adequate thrombolysis as soon as possible. The patient's condition after such therapy should be carefully monitored, and extracorporeal membrane oxygenation may be useful for improving blood circulation and oxygenation.
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